Mycoplasma mycoides subspecies mycoides small-colony type (M. m. m. SC) is the cause of the economically important contagious bovine pleuropneumonia. Isolates from Africa and Australia have previously been documented to have a fragment of approximately 8.84 kb, which is absent in European strains. A set of polymerase chain reaction (PCR) primers over this region was designed to identify M. m. m. SC isolates and separate European strains from those of Africa/Australia. Specificity of the PCR assay was achieved through the positioning of an oligonucleotide within the insertion sequence IS1296, upstream of this deletion, which then was paired with a reverse primer, upstream of the deletion, within the 8.84 kb-deleted region or downstream of the deletion, generating fragments of 1.1 kb (all M. m. m. SC strains), 1.4 kb (African/Australian strains only) and 1.3 kb (European strains only), respectively. Identification and differentiation was specific for DNA from M. m. m. SC with no amplification of DNA from other cluster members or closely related species. The PCR products did not require differentiation by use of a restriction endonuclease, and have potential for use in detection of this organism in clinical samples.
Introduction
Mycoplasma mycoides subspecies mycoides smallcolony type (M. m. m. SC) is the causative agent of the Office International de Epizooties (OIE) list-A disease, contagious bovine pleuropneumonia (CBPP), which is endemic in many parts of Africa. This disease had been eradicated from most parts of Europe in the early 20th century, but re-emerged in the 1980s and 1990s, with affected herds manifesting fewer distinctive clinical signs of disease and lower mortality than those in Africa. 8 The M. m. m. SC is a member of the 'mycoides cluster,' a group of 6 mycoplasma species with important roles in disease of large and small ruminants. Identification of members of this group presents difficulties due to shared biochemical, immunologic, and genetic characteristics. Although a number of polymerase chain reaction (PCR) assays have been developed, 3, 7, 13 they all require restriction endonuclease analysis for species differentiation.
Analysis using a DNA probe against insertion sequence IS1296 identified distinct African/Australian and European clusters within this species, 4 and an 8.84-kb deletion within European strains was later identified as the cause of this variability. 11 The localization of IS1296 upstream of this deletion was considered sufficiently stable for species typing, 5 and has been used as a marker in restriction fragment length polymorphism (RFLP) analysis of strains of this species. 6 On the basis of the position of this copy of IS1296, we have developed a PCR assay for the specific identification of M. m. m. SC and further reactions allowing differentiation of isolates.
Materials and methods
Mycoplasma cultivation and DNA isolation.
All mycoplasma species and strains used in this investigation ( Table 1) were grown in Eaton's medium 9 at 37uC, 5% CO 2 . In addition to laboratory cultures, a sample of pleural fluid of African origin (40F04) was analyzed after 24-hr enrichment in Eaton's medium. Genomic DNA was purified by use of proteinase-K lysis, followed by phenol/ chloroform extraction from 1 ml of culture medium. 2 The identity of all M. m. m. SC strains was confirmed by independent PCR analysis 3 prior to commencing this investigation.
Specific PCR assay for identification of Mycoplasma mycoides subspecies mycoides small-colony type. This test allows the specific amplification of M. m. m. SC DNA from all strains of this species, as both oligonucleotides are upstream of the deletion breakpoint ( Fig. 1 ). All reactions were carried out in a final volume of 50 ml, and contained 15 mM Tris-HCl, pH 8.0; 50 mM KCl; 1.5 mM MgCl 2 ; 400 mM dNTPs, and 2.5 U of Amplitaq gold DNA polymerase. a Specific detection of M. m. m. SC isolates was carried out using 0.4 mM IS1296F (sequence 59to 39: CTA AAG AGC TTG GAG TTC AGT G) b and 0.4 mM R (all) (sequence 59to 39: CCA GCT CAA CCA GCT CCA G). b Amplification reactions were carried out in a Biorad i thermocycler c with an initial denaturation/enzyme activation step of 95uC for 5 min, followed by 32 cycles of 95uC for 30 sec; 62uC for 30 sec; and 72uC for 1 min 20 sec. A final extension at 72uC for 5 min was included. All species and strains detailed in Table 1 were screened, and PCR products were analyzed directly by electrophoresis on 2% Low Electroendosmosis (LE) agarose gel, d stained with ethidium bromide, e and visualized by use of an ultraviolet transilluminator.
Differentiation of M. m. m. SC strain by geographic origin. These PCR assays allow specific amplification of M. m. m. SC DNA and classification, by geographic origin, on the basis of the insertion of IS1296 upstream of the 8.84-kb deletion. Strain origins are identified using an oligonucleotide designed within the deletion, producing a fragment only with DNA from African/Australian isolates. A third oligonucleotide placed downstream of the deletion is used to detect DNA from European isolates ( Fig. 1 ). All reactions were carried out in a final volume of 50 ml, and contained 15 mM Tris-HCl, pH 8.0; 50 mM KCl; 400 mM dNTPs: 0.4 mM each oligonucleotide, and 2.5 U of Amplitaq gold DNA polymerase. a African/Australian strains were identified using the oligonucleotides IS1296F and R1 (sequence 59to 39: GGA AGG TAT GTT TAG CGG AGC) b with 1.0 mM MgCl 2 . European strains were identified using the oligonucleotides IS1296F and R2 (sequence 59to 39: GCA CCA AAT GAA GCT TAA TAG AAC) b with 1.5 mM MgCl 2 . Amplification reactions were carried out in a Biorad i thermocycler c with an initial denaturation/enzyme activation step of 95uC for 5 min, followed by 32 cycles of 95uC for 30 sec; 60uC for 30 sec, and 72uC for 1 min 30 sec. A final extension at 72uC for 5 min was included. All species and strains detailed in Table 1 were screened, and PCR products were analyzed directly by electrophoresis on 2% LE agarose gel, d stained with ethidium bromide, e and visualized by use of an ultraviolet transilluminator.
Results
Oligonucleotides IS1296F and R (all) specifically amplify genomic DNA belonging to all M. m. m. SC strains screened in this investigation (Fig. 2a) . A positive reaction was indicated by production of a 1.1kb fragment. Using IS1296F in combination with R1, strains of African/Australian descent could be specifically identified, as they produced a fragment of 1.4 kb (Fig. 2b) . In reactions where IS1296F is used in combination with R2, European strains were specifically identified by production of a single fragment of 1.2 kb (Fig. 2c ). In addition to laboratory culture, these oligonucleotides were able to detect M. m. m. SC in a 24-hour enrichment of pleural fluid obtained from a cow that had died of CBPP in Africa, indicating its potential for use in diagnostic situations.
Discussion
The PCR assays presented here provide specific identification and differentiation of M. m. m. SC isolates, without the need for downstream processing, and have potential in the diagnostic detection of this species. The differentiation of African/Australian strains is achieved through oligonucleotide R1 binding within the deleted region. The lack of a binding site in European strains results in absence of PCR product. Although R2 has a binding site in African/Australian strains, no fragment is generated since the primers are separated by just over 10 kb. The short extension time and the activity of the polymerase enzyme exclude production of this fragment. The loss of 8.84 kb of DNA in this region reduces the distance between the oligonucleotides IS1296 and R2, resulting in the generation of a PCR fragment in European strains. Although IS1296 is not restricted to M. m. m. SC, the use of this set of oligonucleotides results in specific detection, indicating that integration of a copy of this insertion element at this location is species specific. The differentiation of isolates on the basis of presence or absence of the 8.84-kb deletion may prove important for tracing disease and origin of infections since the genes within this region are believed to be important in the virulence of this species. 12 Typing of isolates over this region using PCR analysis considerably reduces the time and sample manipulation required for analysis, which previously has been based on RFLP analysis and Southern blotting. 4 Recent publications have highlighted strain differentiation on the basis of PCR analysis, using insertion-specific oligonucleotides. 1, 10 Given the high density of these elements within a number of Mycoplasma species 14 this technique could provide a useful method for strain classification. Since IS1296 hybridization profiles indicate the presence of other regions of variability, the development of oligonucleotides specific to this element for use in PCR assays may provide further differentiation of M. m. m. SC isolates. 
